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Equivalent-spherical-shield neutron dose
calculations

G. J. Russel! and H. Robinson
LOS Alamos Neutron Scatrcring Center
LOS Alamos, New Mexico 87545 U.S.A.

ABSTRACT: Ncutson doses through 162-cm-thick spherical shields were
calculamd to be 1090 and 448 mrcm/tr for regular and magnetite
concrele, respectively. These results bracket the measured data, for
reinforced regular concrefe, of -600 mrem/h. The calculated fraction of
the high-energy (> 20 McV) dose componcnl also bracketed the expaimental
data. The measured and calculated doses were for a graphite beam stop
bomiwrdcd with 100 nA of 800-McV protons.

Introduction

Sl)iclding issues WC(C the highcsl p{iority conccms at the Los Alamos Neutron
Scattcrin~ Center (LANSCE)I in FY-88. LANSCE uses 800-McV protons from the
Climon P. A ndcrson Meson Physics Facility (LAMPF)2 to produce neutrons for
basic materials scicncc and nuclear physics research. As can be seen in Fig, 1, the
LANSCE iargct area has vertical proton insertion, LANSCE shielding concerns
include: a) pbton barn Iinc shick.ting, b) target shielding, and c) neutron beam Iinc,
chopper, and beam stop shielding. Wc Iaunchcd both a computational endcavo~ and
irn experimental cffort4 LObeucr understand the complexities associated with
adequately shielding a spallation neutron source.

Neutron dose measurement were madd in the LANSCE cxpcrimcntal tuca below the
proton beam Iinc at a location downstream from where protons arc cxlractcd to the
While Source experimental area (see Fig, l), The 800-McV proton beam impinged
on a 50-crn-diam by 200 cm long graphi[c bcarn stop, ‘1’hc prokm current WM
100” nA.

Ilc shield under study was the reinforced regular conerclc floor (152 cm thick) of tic
proton beam Iinc. Our previous uxpcricncc had shown that the mirximum dose (for
this [ypc of geometry) shoukl bc cxpcdcd at atxm 60 ttcgrccs from the proton beam
direction, Measur,:mcnL$ were made at roughly 70 Jcgrees (.scc Fig. 2),



.

cavity. The graphite beam stop pcr sc was not mocked up in the Nic)ntc Carlo
shielding calcdations. llc strcngti of the point source was taken to bc 4X times the
neutrons pcr stcradian in the arrglc bin 50-105 dcgrccs Icaking from the graphite beam
stop (W Fig. 2).
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Fig. 1
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Gcncrtd Layout of the LANSCE/WNR complex, ‘1’hcNeutron
Scattering Expcrimcntid i{all, complcmd in I $X48,surrounds the
prwscm LANSCE cxpcrimcrual hidl (shown int hc foreground) and

grc.atly cnhi~ccs the ovcrull LANSCE cxpcrimcnud arcu,
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Fig, 2 A simplified schcmitt.ic diagram of the LANSCE prolcm beam
channel, showing the cquiva.lent-sphcrictd-shicki for the beam
channel floor. The Iocalion of the mcasurcmcnt, rchuivc to the
proton beam stop, is also illustrstaf. The graphite beam stop WM
rcplaccd by a point isotropic source in the calculations,

primary Iow-energy (c 20 McV) neutrons produced in the graphite bc.am smp were
ignored in the calculations, The high-energy neutrons ~nd swondary Iow-energy
neutron produced by high-energy reactions in the shield wcm. tracked [n the detector
Ioc:ttion and convcrtcd m dose, The floor of the LANSCE cxpcrimcnud ma was
igmmd in the cm]pututions. Air-fil Icd rqions were twsumcd to bc both inside nnd
oulsidc the shield zone,



Results

‘M LANSCE beam channel floor in the vicinity of the shield measurement is
reinforced regular concrete. Since we did not know the iron content of this
shield, we performed computations for bo!h reguhv and magnetite concrete,
hoping to bracket the effectiveness of the actual shield material. The results of the
calculations, compared to cxpcrimenud data, are shown in Table I. lndcx& tie
experimental results arc bracketed by ow @culations. lle magnetite concrete data is
closer to the measured values, indicating the significance of tic iron reinforcing bars
used m the actual construction of the beam channel fioor. The cffett of including the
LANSCE experimental area floor in the computations would produce some
Iow-energy al~o ncuvons to add to the low-energy dose component_ at the detector
Iccation.

Table 1. Neutron f-he Through Various Shicids for 100 nA of 800 McV Protons
on a Graphite Beam stop

~.
Hi-E Lo-E Total

Shichl E>~ McV E<20 MC V Ec800 Mc v

Magrrctite Concrete (CdC) 289 159 448

Rcinforccd Regular Concrete (cxp)* 500.700

Regular Cwtcrctc (talc) 753 337 1090

E> 10 McV

Magnetite Concrete (CdC) 69.4%

Reinforced Regular ConcrcIC (cxp)” 70.0%

Regular (hrrcrcte (Citk) 74 .()%

*M, th)wc d K. MunctIs (,~cf, 5)



Conclusions

Equivalent-spl, erical-shield calculations of a relatively complex
proton-beam-stop/proton-beam-line shielding scenario yield rcsull$ which agree with
mea~urcd values. This lends confidence to employing simplified shield
approximations to geometicdly complicated problems.
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